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AUXILIARY SERVICE CHANNEL SIGNAL 
TRANSMISSION SYSTEM\ 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an auxiliary service 
channel signal transmission system, and particularly to a 
transmission system for auxiliary service channel signals 
that are extracted/inserted by digital multi-microwave trans 
mission terminal o?ices and IF repeater oflices. 

2. Description of the Related Art 
An example of such a conventional technique for an 

auxiliary service channel signal transmission system is 
described in Japanese Unexamined Patent Publication No. 
Hei 2277328. In the disclosed technique, which is one 
transmission method for auxiliary service channel (ASC) 
signals, such as monitor signals for IF repeater offices and 
order wires, the auxiliary signal is employed to perform FM 
modulation on a primary signal carrier and the FM-modu 
lated signal is transmitted to a repeater o?ice or other 
terminal oil‘ice. 

In the conventional method, the FM-modulated wave 
components must be removed from a carrier before the 
primary signal is demodulated. 

For the reception of auxiliary signals, a circuit that is 
employed to cancel FM-modulated wave components is 
provided at the reception side of a repeater office or a 
terminal office. 

The employment of such a circuit complicates the struc 
tures of the terminal and the repeater offices, and the wave 
components that were FM modulated by employing the 
auxiliary signal cannot be sufliciently removed. Some FM 
modulated wave components remain as the phase jitter of a 
carrier. 

Although a 4-phase PSK modulation system is still appli 
cable for the conventional system, multi-phase modulation 
systems, such as a 16 QAM, a 64 QAM, and a 256 QAM, 
are not applicable because their S/N is unsatisfactory. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to provide 
an auxiliary service channel signal transmission system that 
overcomes the shortcomings of the conventional system. 

It is another object of the present invention to provide an 
auxiliary signal transmission system whereby a plurality of 
repeater ofiices can extract/insert an auxiliary signal, and 
whereby an auxiliary signal, whose frequency is positioned 
in an empty area of the frequency band of a primary signal, 
can be transmitted by a repeater o?ice in a time-sharing 
manner. 

It is an additional object of the present invention to 
provide an auxiliary signal transmission system whereby a 
repeater o?ice transmits an auxiliary signal after a given 
time has elapsed following the transmission of an auxiliary 
signal by a terminal o?ice. 

It is a further object of the present invention to provide an 
auxiliary signal transmission system that assigns a diiferent 
transmission time interval to each of the repeater offices. 

It is still another object of the present invention to provide 
an auxiliary signal transmission system by which an auxil 
iary signal that is transmitted as a reference signal by one 
terminal oflice is returned by the other terminal o?ice. 
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2 
It is a still further object of the present invention to 

provide an auxiliary signal transmission system by which an 
auxiliary signal from a plurality of repeater o?ices is trans 
mitted after a given time has elapsed following the relay of 
an auxiliary signal by an immediately preceding terminal 
office. 

It is a still furthermore object of the present invention to 
provide an auxiliary signal transmission system by which an 
auxiliary signal from a plurality of repeater o?ices is trans 
mitted after a given time has elapsed following the relay of 
the reception of an auxiliary signal by an immediately 
preceding terminal o?ice. ' 

It is yet another object of the present invention to provide 
an auxiliary signal transmission system that ensures a com 
mon transmission time interval for each of the repeater 
of?ces. 

It is yet an additional object of the present invention to 
provide an auxiliary signal transmission system whereby, 
when a signal has not been received by a repeater o?ice after 
a given time has elapsed following the transmission of an 
auxiliary reference signal by a terminal o?ice, the repeater 
o?ice serves as an originating o?ice and transmits an aux 
iliary reference signal to the next repeater o?ice. 

It is yet one further object of the present invention to 
provide an auxiliary signal transmission system whereby a 
given transmission interval is employed when a predeter 
mined count of bursts is not received. 

It is one more object of the present invention to provide 
an auxiliary signal transmission system whereby a transmis 
sion path is altered when a signal is not received by a 
repeater of?ce after a given time has elapsed, and the 
repeater office serves as an originating terminal o?ice and 
transmits an auxiliary reference signal to the next repeater 
of?ce. 

It is still one more object of the present invention to 
provide an auxiliary signal transmission system whereby 
bidirectional transmission of signals is enabled after a trans 
mission path is altered to avoid defective transmission 
intervals. 

Other objects of the present invention will become appar 
ent during the course of the following detailed explanation 
and the description of the scope of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram for explaining the general 
structure of the present invention; 

FIG. 2 is a block diagram illustrating an example structure 
of a wave-dividing circuit; 

FIG. 3 is a diagram showing an example of the positions 
of a primary signal and an auxiliary signal; 

FIG. 4 is a block diagram illustrating a circuit structure 
that produces bursts for an auxiliary signal and reduces 
bursts to continuous signals; _ 

FIG. 5 is a diagram for explaining data compression; 
FIG. 6 is a frame format for auxiliary signal bursts; 
FIG. 7 is a timing chart for explaining the basic principle 

of the present invention; 
FIG. 8 is a diagram showing the order of transmission of 

auxiliary signals and signals that are received along a time 
axis; 

FIG. 9 is a block diagram illustrating a ?rst application 
example for an auxiliary signal transmission system of the 
present invention; 
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FIG. 10 is a timing chart that corresponds to the system 
in FIG. 9; 

FIG. 11 is a diagram for further explaining received 
signals and transmitted signals at terminal offices and 
repeater of?ces that correspond to FIGS. 9 and 10; 

FIG. 12 is an explanatory diagram for a received signal 
when an auxiliary signal C1 is not transmitted from a 
repeater o?ice 1; 

FIG. 13 is a diagram for explaining how an auxiliary 
signal T1 is returned by a terminal o?ice 2; 

FIG. 14 is a diagram showing a second application 
example for an auxiliary signal transmission system of the 
present invention; 

FIG. 15 is a timing chart that corresponds to the system 
in FIG. 14; 

FIG. 16 is a diagram for explaining the operation of 
terminal o?ices and repeater o?ices that correspond to FIGS. 
14 and 15; 

FIG. 17 is a ?ow chart showing the processing when an 
auxiliary signal is not transmitted by an immediately pre 
ceding terminal o?ice within a predetermined time (for 
example, N seconds); 

FIG. 18 is a timing chart that corresponds to the operation 
in FIG. 17; 

FIG. 19 is a diagram for explaining the switching trans 
mission routes when an auxiliary signal is not transmitted by 
an immediately preceding o?ice; 

FIG. 20 is an explanatory diagram for bidirectional signal 
transmission; 

FIG. 21 is a diagram for illustrating the frequency allo 
cation to explain one example employing an auxiliary ser 
vice channel signal having a suitable channel quality of 
frequency; 

FIG. 22 is a timing chart showing one embodiment of an 
auxiliary signal transmission burst format of the terminal 1 
according to the frequency allocation in FIG. 21; 

FIG. 23 is a timing chart showing one example of an 
output format of an intermediate repeater o?ice 1 in the 
embodiment of FIG. 22; 

FIG. 24 is a timing chart showing one example of an 
auxiliary signal receipt burst format of the terminal 2 in the 
embodiment of FIG. 22; 

FIG. 25 is a timing chart showing one extended example 
of the embodiments of FIGS. 22 through 24, providing 
monitor time slots indicating the channel condition; and 

FIG. 26 is a timing chart showing the other extended 
example of the embodiments of FIGS. 23 through 24, 
providing monitor time slots indicating the channel condi 
tion. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

FIG. 1 is a block diagram for explaining the general 
structure of terminal of?ces and repeater of?ces according to 
the present invention. In FIG. 1, since the repeater o?ices are 
all structured alike, for this explanation only one repeater 
of?ce 1 is located between a terminal office 1 and a terminal 
of?ce 2. 

Throughout the following descriptions, the same refer 
ence numerals are used to denote and identify corresponding 
or identical components. 

At the terminal o?ice 1 in FIG. 1, multi-value QAM phase 
modulation is performed on a primary signal by a primary 
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4 
signal modulator 10, and the modulated signal is sent to a 
hybrid circuit 30. PSK modulation is performed on an 
auxiliary signal (ASC), which is the feature of the present 
invention, by an auxiliary signal modulator 20. The modu 
lated signal is then transmitted to the hybrid circuit 30 and 
mixed with the previous primary signal. The resultant signal 
is then output. 

In this embodiment, primary signals are provided for, as 
an example, three channels (CH1 to CH3), which are 
allocated in the frequency domains whose center frequencies 
are f1, f2 and f3, shown in FIG. 3. 
The present invention takes advantage of the fact that in 

the primary signal frequency domains for multiple channels 
there are unoccupied areas between the channels. Thus, 
auxiliary signals (ASC) are inserted in areas that correspond 
to the channels. In FIG. 3 of the embodiment, an auxiliary 
signal that is output by the auxiliary signal modulator 20 of 
the terminal of?ce 1 is modulated with a center frequency 
fls. 
The values of frequencies shown in FIG. 3 represent 

examples of the frequency band widths of the primary 
signals, the frequency band widths of the auxiliary signals 
and the intervals of the frequency domains of the primary 
and auxiliary signals. 

Further explanation will also include references to FIG. 1. 

The primary signals and the auxiliary signals, shown in 
FIG. 3, which are output by the hybrid circuit 30, are sent to 
a mixer 40, which mixes these signals with a carrier signal 
sent from a carrier frequency oscillator 50. The mixed signal 
is converted into a signal that has a carrier frequency, and is 
sent to a frequency divider 90 and ?nally transmitted 
through an antenna 60 to the repeater of?ce 1. 

The frequency divider 90 includes a circulator 900, and 
band ?lters 901 and 902, as shown in FIG. 2. One end of the 
circulator 900 is connected to the antenna 60, and one end 
of each of the band ?lters 901 and 902 is connected to a 
mixer 40 or 47. Frequency dividers 91 to 93 at the repeater 
office 1 and the terminal o?ice 2 have the same structure. 

At the repeater o?ice 1, a signal from the terminal o?ice 
1 is received by an antenna 61 and sent to the frequency 
divider 91. The output of the frequency divider 91 is then 
mixed with a carrier signal from a carrier frequency oscil 
lator 51 by the mixer 41, and the resultant signal is converted 
to a signal that has an IF band frequency. 

The converted signal that has the IF band frequency is 
extracted (dropped) from a hybrid circuit 31 by an auxiliary ' 
signal demodulator 70, and is demodulated. Then, at the 
repeater o?ice 1, an auxiliary signal that has the frequency 
allocation shown in FIG. 3 is reinserted into the primary 
signal by an auxiliary signal modulator 21 via a hybrid 
circuit 32. 
The auxiliary signal inserted by the hybrid circuit 32 and 

the primary signal are mixed with a carrier signal, from a 
carrier frequency oscillator 52, by the mixer 42, and the 
mixed signal is converted into a signal that has a carrier 
frequency. The converted signal is routed through the fre 
quency divider 92 and transmitted by an antenna 62 to the 
terminal office 2. 
The signal is received at an antenna 63 at the terminal 

of?ce 2, and routed through the frequency divider 93. The 
signal is then mixed with a carrier signal from a carrier 
frequency oscillator 53 by the mixer 43, and the mixed 
signal is converted into a signal that has an IF band fre 
quency. 

The converted signal that has an IF band frequency is 
distributed by a hybrid circuit 33, and the signals are 
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received as a primary signal and an auxiliary signal by a 
primary signal demodulator 80 and an auxiliary signal 
demodulator 71, respectively. 
The upstream circuit transmission of an auxiliary signal 

that is to be inserted into a primary signal according to the 
present invention has been described above. 
The downstream circuit transmission of an auxiliary sig 

nal is performed in the same manner. More speci?cally, at 
the terminal office 2, the primary signal from a primary 
signal modulator 11 and the auxiliary signal from an auxil 
iary signal modulator 22 are routed through a hybrid circuit 
34 to the mixer 44. 

Both signals are mixed with a carrier signal from a carrier 
frequency oscillator 54 by the mixer 44, and the mixed 
signal is converted into a signal that has a carrier frequency. 
The modi?ed signal is then routed through the frequency 
divider 93 and transmitted by the antenna 63 to the repeater 
of?ce 1. 

At the repeater o?ice 1, the signal is received by the 
antenna 62, and passes through the frequency divider 92 to 
the mixer 45. The signal is then mixed with a carrier signal 
from a carrier frequency oscillator 55 and converted into a 
signal that has an IF band frequency. The converted signal 
that has an IF band frequency passes through a hybrid circuit 
35 to an auxiliary signal demodulator 72 where it is demodu 
lated and an auxiliary signal is extracted. 
The auxiliary signal from the repeater o?ice 1 is then 

inserted into a primary signal via a hybrid circuit 36 by an 
auxiliary signal modulator 23. The resultant signal is mixed 
with a carrier signal from a carrier signal oscillator 56 by the 
mixer 46, and converted into a signal that has a carrier 
frequency. The output of the mixer 46 is routed through the 
frequency divider 91 and transmitted by the antenna 61 to 
the terminal o?ice 1. 

At the terminal o?ice 1, the signal is received by the 
antenna 60 and routed through the frequency divider 90 to 
the mixer 47. The signal is then mixed with a carrier signal 
from a carrier frequency oscillator 57 and converted into a 
signal that has an IF band frequency. 
The converted signal that has an IF band frequency is 

distributed by a hybrid circuit 37, and the distributed signals 
are received as a primary signal and an auxiliary signal by 
a primary signal demodulator 81 and an auxiliary signal 
demodulator 73, respectively. 

FIG. 4 is a block diagram of one circuit arrangement 
example where the terminal o?ices 1 and 2 and the repeater 
oi?ce 1 in FIG. 1 each include an auxiliary signal modulator 
and auxiliary signal demodulator pair for producing auxil 
iary signal bursts and reducing bursts to continuous signals. 
The auxiliary signal modulators 20, 21, 22, and 23 in FIG. 

1 all have the same structure. The auxiliary signal demodu 
lators 70, 71, 72, and 73 are also structured alike. 

FIG. 4, therefore, shows the structure of an auxiliary 
signal controller of the embodiment that includes the aux 
iliary signal modulator 20 and the auxiliary signal demodu 
lator 73 as examples. An interface circuit 200 receives 
auxiliary signal data for a baseband that corresponds to 
multiple channels, and performs conversion at a logic level. 
As TDMA inherent processing, data compression along a 

time axis is performed. A compression buffer (C buffer) 
circuit 201 receives and compresses the output data of the 
interface circuit 200. 
The data compression process is as shown in FIG. 5. More 

speci?cally, in FIG. 5(a) is shown a continuous baseband 
data, which is the output of the interface circuit 200. During 
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6 
the data compression, the baseband data (a) is compressed 
along a time axis like (b) and converted into a burst. 
A transmission controller (Tx Cont) 202 includes a 

counter that controls transmission timing. By employing its 
synthesizer, the transmission controller 202 employs time 
sharing to synthesize or multiplex the above compressed 
auxiliary signal data for channels at a constant value timing 
that is held by the counter, and transmits the resultant data 
to the auxiliary signal modulator 20. 
The constant count value is determined in accordance 

with various modi?cations of the present invention which 
will be described later. 

Before a transmission controller 202 employs time~shar 
ing to multiplex the data compressed by the C buffer circuit 
201 to the auxiliary signal modulator 20 at a timing that is 
a constant count value, the transmission controller 202 also 
adds a control signal to each burst. The control signal will be 
explained later while referring to FIG. 6. 
The output of the transmission controller 202 is sent to the 

auxiliary signal modulator 20. As described in FIG. 1, the 
data is then inserted into an unoccupied frequency area in the 
primary signal frequency domain shown in FIG. 3 and 
output as a signal with an IF band frequency. In this 
embodiment, a PSK modulator is employed for the auxiliary 
signal modulator 20. 

In the reception side in FIG. 4, the frequency of a received 
signal is converted into an IF band frequency, and the 
converted signal is sent from the hybrid circuit 33 to the 
auxiliary signal demodulator 73, which is a PSK demodu 
lator. The frequency of the signal is then demodulated into 
a baseband by the auxiliary signal demodulator 73. 
The demodulated baseband signal is transmitted to a 

receive controller (Rx Cont) 730. The receive controller 730 
has an A/D converter that converts the demodulated analog 
output by the auxiliary signal demodulator 73 into a digital 
signal. 
The receive controller 730 further includes a detector that 

detects a unique word, which will also be described later 
while referring to FIG. 6, from the output of the AID 
converter. 

With the detected output of a unique word as a reference, 
a constant value is acquired by a counter circuit, provided in 
the receive controller 730, that measures time. In addition, 
a channel clock signal is generated based on an acquired 
constant value. 

In consonance with the channel clock signal, the output of 
the AID converter is distributed to every channel, and the 
distributed outputs are sent to an expansion buffer (E buffer) 
circuit 731. The demodulated burst signal serves as demodu-' 
lated continuous auxiliary signal data that is obtained by the 
E buffer circuit 731 expanding a signal in (b) in FIG. 5 to a 
signal in (a) along a time axis for every channel. Subse 
quently, a logic level is converted by an interface circuit 732 
and the converted data is reproduced and output as auxiliary 
signal data. FIG. 6 is a frame format for auxiliary signal 
bursts. In FIG. 6, the ‘auxiliary signal bursts from the 
terminal o?ice and from all the repeater of?ces constitute 
one frame of an auxiliary signal. In other words, in (a) in 
FIG. 6, for example, reference number 1 denotes an auxil 
iary signal burst that is transmitted by the terminal 1 and 
reference number 2 denotes an auxiliary signal burst that is 
transmitted by the repeater of?ce 1. Also in (a) in FIG. 6, 
reference number 11 denotes an auxiliary signal burst that is 
transmitted by the terminal office 1 following the transmis 
sion of one frame. 

In FIG. 6, (b) is an enlarged diagram showing the struc 
ture of one burst in one frame. As shown in (b), control 
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signals CR, STR, BCW, and SIC are added to the head of the 
data fragments included in one burst. 
CR represents a carrier recovery signal that is employed 

to demodulate the auxiliary signal. STR represents a symbol 
timing recovery signal that is employed to measure the 
timing for data bit transmission of the auxiliary signal. 

Further, BCW, or a burst code word, is a unique word that 
is employed for burst frame synchronization. As previously 
explained in FIG. 4, when the unique word is detected, the 
counter in the receive controller 730 starts counting at the 
detected unique word. 

SIC is a station identi?cation code for identifying a 
terminal office, which is the transmission source of a burst, 
or a repeater o?ice. 

To make it possible to better understand the present 
invention, FIG. 7 shows a timing chart for explaining the 
basic principle of an auxiliary signal transmission system 
according to the present invention that is controlled by the 
con?guration in FIG. 1. FIG. 8 is a diagram for explaining 
the transmission order of the auxiliary signals that corre 
spond to the timings in FIG. 7. As shown in FIG. 8, the 
auxiliary signal is transmitted between the terminal office 1, 
the repeater o?ices 1 and 2 and the terminal o?ice 2. 

In FIG. 7, (a) represents transmission bursts 1 and 11 for 
an auxiliary signal from the terminal o?ice 1; (b) indicates 
the reception at the repeater o?‘ice 1 of the transmission 
bursts 1 and 11 of the auxiliary signal from the terminal 1; 
and (c) indicates the transmission from the repeater office 1 
to the repeater o?ice 2 of bursts 2 and 21 together with the 
auxiliary bursts 1 and 11 of the terminal of?ce 1. 

In the same manner, the repeater o?ice 2 receives the 
bursts 1, 2, 11, and 21 of the respective auxiliary signals 
from the terminal of?ce 1 and the repeater o?ice 1 (see (d) 
in FIG. 7), and transmits to the terminal oflice 2 bursts 3 and 
31 of the auxiliary signal from the repeater o?ice 2, together 
with the auxiliary signal bursts l and 2 from the terminal 
of?ce 1 and the auxiliary signal bursts 2 and 21 from the 
repeater o?ice 1 (see (e) in FIG. 7). 

In FIG. 7, therefore, (f) shows the reception state at the 
terminal o?ice 2 for the auxiliary signals that are transmitted 
in a time~sharing manner. In FIG. 7, the auxiliary signal 
bursts 1 and 11 from the terminal o?ice 1, the auxiliary 
signal bursts 2 and 21 from the repeater office 1, and the 
auxiliary signal bursts 3 and 31 from the repeater of?ce 2 are 
received as a time series. After the transmission frame (the 
?rst frame) of the auxiliary signal bursts 1, 2, and 3 are 
transmitted, the bursts 11, 21 and 31 are transmitted as the 
auxiliary signal bursts for the second frame. 

FIG. 8 shows on the time axis the transmission order of 
the auxiliary signal and a signal received at the terminal 
o?ice 2, corresponding to FIG. 7. In other words, the 
transmission is performed in the order of —!, —", —# from the 
terminal office 1 to the terminal o?ice 2 via the repeater 
o?ices 1 and 2. The bursts 1, 2, 3, and 11 are sequentially 
received at the terminal o?ice 2. That is, an auxiliary signal 
T1 from the terminal o?ice 1, an auxiliary signal C1 from the 
repeater of?ce 1 and an auxiliary signal C2 from the repeater 
o?ice 2 are received sequentially. 

According to the principle of the present invention, there 
fore, it is not necessary to cancel a received auxiliary signal 
to reproduce a received signal. 

FIG. 9 shows the ?rst example for the auxiliary signal 
transmission system of the present invention. In the system 
example synchronous establishment is enabled. FIG. 10 is a 
timing chart corresponding to FIG. 9. In this case, three 
repeater oflices are employed. 
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8 
In this system, reference data are transmitted indepen 

dently along the upstream circuit and the down stream 
circuit. First, synchronization is established at all the 
repeater oflices and terminal offices by employing the aux 
iliary signal T1 transmitted from the terminal of?ce 1. 
More speci?cally, (a) in FIG. 10 represents auxiliary 

signal T1 that is sent as reference data by the terminal o?ice 
1. As shown in (b) through (e), the auxiliary signal T1 is 
received at the repeater o?ices 1, 2, and 3 and the terminal 
office 2 at delay times d1, d2, d3 and d4, respectively. 

Synchronization is established between the repeater 
o?ices by employing the auxiliary signal T1 from the 
terminal oflice 1 as a reference. When the repeater of?ces 1, 
2, and 3 and the terminal Office 2 receive the auxiliary signal 
T1 from the temiinal o?ice 1, the oflices acknowledge the 
referential transmission time for the auxiliary signal T1 from 
the terminal o?ice 1 by employing the previously set delay 
times d1, d2, d3 and d4. 
Each office transmits the auxiliary signal after a prede 

termined time, which is individually designated for each > 
office. 

In other words, the auxiliary signal C1 from the repeater 
office 1 shown in FIG. 9 is transmitted after time i1 has 
elapsed following the reference time. In the same manner, 
the auxiliary signal C2 from the repeater o?ice 2 is trans 
mitted after time i2 has elapsed following the reference time. 
Further, the auxiliary signal C3 from the repeater o?ice 3 is 
transmitted after time i3 has elapsed following the reference 
time. And as shown in FIG. 9 and in FIG. 10(e), after time 
d4 has elapsed following the reference time, the auxiliary 
signals T1, C1, C2, and C3 are multiplexed in a time-sharing 
manner and are received at the terminal o?ice 2. The counter 
provided in the transmission controller 202, as described in 
FIG. 4, measures the elapse of the predetermined times that 
follow a reference time. 

FIG. 11 is a diagram for explaining a received signal and 
a transmitted signal at the temrinal oflices and repeater 
oflices in FIGS. 9 and 10. The same or identical symbols and 
numbers that are used for the repeater o?ice 1 in FIG. 1 are 
employed for this diagram. 

In FIG. 11, “a” denotes a primary signal and an auxiliary 
signal that are routed up to an immediately preceding o?ice. 
As TDMA processing is performed for an auxiliary signal 
for multiple channels at the transmission side, the auxiliary 
signal demodulator 70 described in FIG. 1 demodulates that 
signal in a time-sharing manner. In the auxiliary signal 
demodulator 70, therefore, an auxiliary signal required for a 
current o?ice is multiplexed and separated. 

Further, “b” denotes an auxiliary signal that is generated 
by the auxiliary signal modulator 21 for insertion by the 
repeater office 1. This auxiliary signal is mixed with the 
signal “a” by the hybrid circuit 34 and the resultant signal 
“c” is output. The signal “0”, which includes the primary 
signal, the auxiliary signal transmitted up to the immediately 
preceding o?ice and the auxiliary signal of the current of?ce, 
is transmitted to the next repeater o?ice, as shown in FIG. 9. 

Even when, for example, the auxiliary signal C1 is not 
transmitted from the repeater office 1, the next repeater 
ol?ce 2 can transmit the auxiliary signal C2 after a prede 
termined time has elapsed following the transmission of the 
auxiliary signal T1 by the terminal oflice 1. In this manner, 
a linking effect on the next repeater o?‘ice can be prevented, 
and as shown in FIG. 12, the terminal o?ice 2 can receive 
auxiliary signals from other repeater of?ces while skipping 
the reception of the auxiliary signal C1. 

FIG. 13 shows another extended example where the 
auxiliary signal T1, which is a reference signal from the 
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terminal office 1, is returned by the terminal o?ice 2. With 
this process, the same reference signal can be used to 
synchronize the upstream and downstream circuits with each 
other and only one reference of?ce is required. 

In FIG. 14 is the second example of the auxiliary signal 
transmission system of the present invention. This system 
prevents auxiliary signal transmission overlap by having the 
current o?iice transmit the auxiliary signal after it has con 
?rmed that the immediately preceding oftice has transmitted 
the signal. FIG. 15 is a timing chart for FIG. 14. 

The transmission of the auxiliary signal from the terminal 
office 1 to the repeater office 1 will be described as an 
example while referring to FIG. 14. In FIG. 14, T1 indicates 
an auxiliary signal that serves as a reference signal to be 
transmitted from the terminal office 1. The repeater o?ice 1 
receives the auxiliary signal T1 from the terminal o?ice 1, 
and without changing it, relays it to the next repeater o?ice. 
The repeater o?‘ice 1 also transmits auxiliary signal C1 after 
a predetermined time has elapsed following the transmission 
of the auxiliary signal T1. 

In FIG. 15, (a) represents the auxiliary signal T1 that is 
output as a reference signal from the terminal o?ice 1. The 
repeater office 1 receives the auxiliary signal T1 from the 
terminal o?ice 1 at the delay time d1, and relays the 
unchanged signal to the next repeater of?ce. After a prede 
termined time i1 has elapsed following the relay time, the 
repeater of?ce 1 transmits its own auxiliary signal C1. 

In the same manner, when a predetermined time i2 has 
passed since the repeater o?ice 2 has con?rmed that the 
auxiliary signal C1 from the repeater o?ice 1 has been 
transmitted, the repeater office 2 transmits its own auxiliary 
signal C2. Further, when a predetermined time i3 has 
elapsed following the con?rmation by the repeater o?ice.3 
that the auxiliary signal C2 from the repeater office 2 has 
been transmitted, the repeater o?‘ice 3 transmits its own 
auxiliary signal C3. 
The terminal o?ice 2 can, therefore, receive the auxiliary 

signals T1, C1, C2 and C3 in a time-sharing manner and 
with no signal overlap, as shown in (e) in FIG. 15. 

It is desirable that a predetermined time elapse before the 
transmission of the auxiliary signal from a repeater ol?ce. It 
has been con?rmed that the timing values in accordance 
with which auxiliary signals from the preceding oflices are 
relayed and transmitted should be equal, i.e., i=i1:i2-—i3, in 
order to thoroughly prevent the overlapping of the auxiliary 
signals T1, C1, C2, and C3. 

FIG. 16 is a diagram for explaining further a received 
signal and a transmitted signal at the terminal and repeater 
offices corresponding to FIGS. 14 and 15. The symbols and 
numbers that are used for the repeater office 1 in FIG. 1 are 
also used for this example. 

In FIG. 16, the components are the same as described in 
FIG. 11, except for a preceding of?ce data transmission 
determining circuit 90. That is, the preceding o?ice data 
transmission determining circuit 90 that is included in this 
example determines whether the data (an auxiliary signal) of 
the preceding of?ce has been transmitted. 

This circuit 90 has a timer or a delay circuit to verify the 
lapse of a predetermined time i following the transmission of 
data by the preceding o?ice. 
When the determining circuit 90 veri?es the lapse of the 

determined time i, its own auxiliary signal is inserted into 
the modulator 21. The hybrid circuit 34 adds that signal to 
data from the preceding o?ice and outputs the result. 
The timer or the delay circuit can be replaced with the 

counter in the transmission controller 202 described for FIG. 
4. 
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10 
While referring to FIGS. 14 to 16, an explanation has been 

given of the case where, to transmit its own auxiliary signal, 
a repeater o?ice veri?es that a predetermined time i has 
elapsed following the con?rmation that an auxiliary signal 
by the preceding o?ice has been relayed. The circuit 90 in 
FIG. 16, which determines whether data (an auxiliary signal) 
has been transmitted by the preceding of?ce, may be 
employed to verify the reception of data from the preceding 
of?ce. 

In other words, a repeater o?ice can transmit its own 
auxiliary signal after a predetermined time has elapsed 
following the reception of data (an auxiliary signal) from the 
preceding of?ce. There is no overlapping of the auxiliary 
signals in this case also. 

FIG. 17 is a still further example of the present invention 
showing the processing that is performed when an auxiliary 
signal has not been transmitted by an immediately preceding 
of?ce during a predetermined period (e. g., N seconds). FIG. 
18 is a timing chart for the processing in FIG. 17. 
The intervals at which auxiliary signals from a preceding 

of?ce will be received are detected at a repeater o?ice (step 
S1). When an auxiliary signal is received from the preceding 
of?ce within a predetermined allowable time, N seconds, the 
repeater of?ce sends, at a given timing, its own auxiliary 
signal to the next repeater o?ice (step S2). 

In FIG. 18, an auxiliary signal from the repeater office 1 
cannot be transmitted during the second frame interval. In 
such a case, the lapse of N seconds is detected by referring 
to the auxiliary signal 11 of the terminal o?ice 1, which 
serves as the reference for the second frame (step S1). 

When the lapse of N seconds has been detected, the 
repeater of?ce 1 is determined to be damaged. Hereafter, the 
repeater o?ice 2 serves as an originating office (step S4), and 
sends its own auxiliary signal 31 as a reference to the 
following repeater oflice or a terminal of?ce (step S5). 
By performing this processing, data exchange is possible 

between the repeater office 2 and the following repeater 
of?ces or the terminal o?ice 2. For detection of the lapse of 
N seconds for the individual repeater o?ices, it is preferable 
that the timing intervals (N seconds) for the individual 
repeater o?ices differ so that the transmission overlap of 
auxiliary signals can be prevented. 

In the above processing, counting a predetermined num 
ber of bursts may be employed instead of the detection of 
speci?c time lapse, N seconds. 

In the above described example, the structure of the 
repeater o?ice can be the same as in FIG. 16, except that the 
preceding oi?ce data transmission determining circuit 90 is 
altered. 

That is, the repeater ol?ce may be designed as follows. 
When the auxiliary signal is not received from the preceding 
of?ce during a given time, N seconds, the preceding of?ce 
data transmission determining circuit 90 issues a command 
to the modulator 21 to send an auxiliary signal from their 
repeater of?ce. In response to the command, the modulator 
21 can transmit its own auxiliary signal while the repeater 
o?ice serves as an originating o?ice. 

In FIG. 19, an extended example for the present invention, 
a transmission path is altered when the auxiliary signal is not 
transmitted by the immediately preceding o?ice. More spe 
ci?cally, since a transmission path might become defective 
when the auxiliary signal is not transmitted by the preceding 
o?ice, the transmission path can be altered by changing a 
modulation frequency to ensure continuity of communica 
t1on. 






